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ABSTRACT 



A silicon wale* is Set in a processing bath and an HF water 
solution and ozone water are respectively supplied from an 
HF line and ozone water line into the processing bath via an 
HF valve and ozone water valve to create a mixture. The 
mixture contains an HF water solution with a concentration 
Of 0.01 % to 1% and ozone water with a concentration of 0.1. 
ppm to 20 ppm, has substantially the same etching rate for 
silicon and Cor silicon oxide film and is used at a temperature 
in I he range of 10° to 30 a C. The silicon wafer and the silicon 
oxide film formed on part of the surface of the water can be 
simultaneously cleaned by use of the above mixture. 

10 Claims, 3 Drawing Sheets 
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SET WAFER 12 IN PROCESSING BATH 1 1 



I 



OPEN HF VALVE 19 AND OZONE WATER VALVE 20 TO 
SUPPLY HF WATER SOLUTION AND OZONE WATER 
INTO PROCESSING BATH 11 AND CREATE MIXTURE 



T 



CLOSE VALVES 19,20 AND MAINTAIN THE STATE 
FOR ABOUT 3 MINUTES ( CLEANING TIME ) 



I 



OPEN OZONE WATER VALVE 20 TO REPLACE MIXTURE 
IN PROCESSING BATH 11 BY OZONE WATER 



I 



STEP 1 



STEP 2 



STEP 3 



STEP 4 



CLOSE OZONE WATER VALVE 20 AND OPEN PURE 
WATER VALVE 21 TO SUPPLY PURE WATER INTO 
PROCESSING BATH H AND REPLACE OZONE WATER 
BY PURE WATER 
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STEP 5 



TAKE OUT AND DRY SILICON WAFER 12 
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STEP 6 



END OF CLEANING 
PROCESS 
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SURFACE PROCESSING METHOD AND 
SURFACE PROCESSING DEVICE FOR 
SILICON SUBSTITUTES 

BACKGROUND OF THli INVENTION 
1. Field of tlie Invention 

This invention relates to an ctchant used in a manufac- 
turing process Tor semiconductor devices such as ICs and 
LSls, and a surfa^ processing method and surface process- 
ing device for silicon substrates using the above etchani, and 



silicon substrate flal, effecting the particle removing process 
at the same rate for the silicon substrate surface and for the 
silicon oxide film surface without causing contamination by 
metal impurity contained therein against its purpose, and 
permitting the process to be effected at the room tempera- 
ture. 

A second object of this invention is to provide a silicon 
substrate surface processing method capable of making the 
surface of a processed silicon substrate flat, effecting the 



jsparucuIarlysuiublc£brcJeanin^orasih t conwafcr(silicon 10 particle removing process at the same rate for the silicon 
substrate) having a silicon oxide film formed on part of the substrate surface and for the silicon oxide film surface 



15 



surface thereof, 

2. Description of the Related Art 

Generally, for cleaning silicon wafers, a cleaning solution 
called an SC-1 solution containing NH 4 0H, H^Oj and H 2 0 
with the volume ratio of NR,0H:II 2 O 2 :H 2 O of 1:1:5 and 
kept at a temperature of approx. 70° G is used. 

'Jnc SC-1 solution contains ammonia which is alkaline 
and has a property or etching silicon. The lift-off effect 
obtained by etching silicon is considered as a sort of 20 
mechanism for removing particles attached to the surface of 
the silicon wafer. However, the SC-1 sortition used in the 
conventional cleaning technique, the cleaning method and 
cleaning device using the SC-1 solution have the following 
problems. 25 

(1) The surface roughness caused by etching the surface 
of the silicon wafer degrades the reliability or the gate oxide 
film, lnis is described in, for example. Symposium on VLSI 
Technology, Ohiso pp. 45-46, May 1991 M Miyashita, M. 
Itano, T. Imaoka, I. Kawabc and T. Ohmi "Dependence of 30 
thin oxide films quality on surface micro-roughness". 

(2) Tf Fe, Al, 2n or the like is contained in the SC-1 
soluuon, the metal impurity Is attached to toe surface of the 
silicon wafer to contaminate the silicon wafer against its 
purpose. 

(3) The etching rate by use of the SC-1 solution for silicon 
is different irom and higher than that for silicon oxide fii™ 
(Si«approx. 20 A/min, SiO a =approx. 1 A/udn). Therefore, 
the rale of removal of particles by the lifl-oE effect is 



without causing ctiiiUmination by metal impurity contained 
in a processing solution against its purpose, and permitting 
the process to be effected at the room temperature. 

A third object of this invention is to provide a silicon 
substrate surface processing device capable of making the 
surface or a processed silicon substrate flat, effecting the 
particle removing process at the same rate for the silicon 
substrate surface and for the silicon oxide film surface 
without causing contamination by metal impurity contained 
in a processing solution against its purpose, and permiltiag 
the process to be effected at the room temperature. 

The first object can be attained by an etchani comprising 
an HF water solution with a concentration of 0.01% to 1%, 
and ozone water with a concentration of 0.1 ppm to 20 ppm, 
wherein the etching rate for silicon and the etching rale for 
silicon oxide film arc substantially the same and the tem- 
perature thereof is kept in the range of 10* to 30° C. 

If the above eichanl is used to process the surface of the 
silicon substrate, the surface of the silicon substrate after the 
processing can be made flat in comparison with a case 
wherein an SC-1 solution is used and a lowering in the 
reliability of a gate oxide film formed in the later step can be 
35 suppressed to enhance the reliability of the silicon element/ 
The clchant can prevent contamination by metal impurity 
and remove heavy metal such as Cu and the like which 
cannot be removed only by use of the I IF water solution. 
Further, since the process can be effected at room 



different on the surface of the silicon wafer and on the 40 temperatures, a problem that the ctchant makes a eontami- 



surlace of the silicon oxide film. For this reason, when the 
cleaning process is effected with the silicon oxide film 
formed on the silicon wafer, it becomes necessary to clean 
the silicon wafer surface and the silicon oxide film surface 
in different steps by use of different cleaning solutions. 

(4) Since the process is effected at temperatures of 70° Q 
lo 80° C, ammonia and the like are evaporated to make a 
contamination source in the clean room. 

As described above, with the conventional etcbanl, and 
the surface processing method and surface processing device 50 
for silicon substrates using the above ctchant, the surface of 
the processed silicon substrate becomes rough and the 
processing solution causes contamination by metal impurity 



nation source of the clean room does not occur, and since the 
ozone water after the cleaning process can be easily decom- 
posed by UV application or the lilre, waste disposal can be 
easily effected and environment pollution can be suppressed. 
4S Further, since the etching rate for silicon and the etching rate 
for the silicon oxido film are .substantially equal to cacU 
other, the silicon substrate surface and the surface of a 
silicon oxide film formed on the surface of the silicon 
substrate can be simultaneously cleaned. 

The second object can be attained by a silicon substrate 
surface processing method comprising the steps of setting a 
silicon substrate having a silicon oxide film formed on part 
of the surface thereof into a processing bath; supplying an 
HF water solution and ozone water into the processing bath 



contained therein against its purpose. Farther, since the 

particle removing rate (etching rate) is different for the *i t0 crea16 a mixture containing HF with a concentration of 
surface of the silicon substrate and for the surface of (he °AX% *° and ozone water with a concentration of 0.1 
silicon oxide aim, it becomes necessary to effect different ppm {° 20 ^ m and kc P* * temperature of 10° to 30" C; 
cleaning steps when the surface of the silicon substrate and sunuuaneously etching the silicon substrate and silicon 
having a silicon oxide film formed thereon is processed, pxl<Jc ^ at substantially the same etching rate with the 

thereby increasing the number of steps. In addition, the *> raixtyrc contained in the processing bath. 



high-temperature process is required and a problem that the 
cleaning solution makes a contamination source in the clean 
room may occur. 

SUMMARY OF THE INVENTION 

Accordingly, a first object of this invention is to provide 
an etchani capable of making the surface of a processed 



According to the above surface processing method, (he 
surface of the silicon substrate after the processing can be 
made flat in comparison with a case wherein a processing 
method using an SC-1 solution is used and a lowering in the 
us reliability of a gate oxide film formed in the later step can be 
suppressed to enhance the reliability of the silicon element. 
Further, in the above processing method, conUrnination by 
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metal impurity umi be prevented and heavy metal such as Cu Additional objects nod advantages ortbe invention will be 

and the like which cannot be removed only by use of the HP set forth in tho description which fallows, and in part will be 

water solution can be removed, thereby attaining a signifi- obvious from the description, or may be learned by practice 

fS,,2. e T Dg ^ ' T* ,bc pr0CeSS " 1 ",- be ^ the invention. The objects and advantages of the invention 

£f£ c L^JT-f T!"' ■ £ D ° P° ssn>,,,L y ' "*Y be realized and obtained by mcan/of the instrumcu- 

It^rw ^ , „< eontammated and sjnoe the 0 <one taJitiBS 4n j ^b^^ p^Uity polntcd out in ^ 

water alter the cleaning process can be easily decomposed appended claims, 
by UV application or the like, waste disposal can be easily 

effected and environment pollution can be .suppressed. BRIEF DESCRIPTION OF THE DRAWINGS 

Further, since the aching rate for silicon and the etching rate 10 Tbe accompanying drawings, which are incorporated in 

for the S1 l«on oxide film are subsUnbally equal to each other and constitute M ^ f ^ 5 ^ catt - on> ai„stta.c>esemly 

w rt ° n ""J FT T l S " SiHCOn prefcrfed of the invention and, togefter with 

he 1f m nl?,™iv^« ° T r * S,hC °° lhe description given above and the delated descrip- 

besunuhaneously cleaned, steps ptoceaung the ^silicon tion of the fclTcd cmbodimenIS given below, serve £ 

subtle surface and the surface or the silicon oxide film and is explam the prmciples of the invention. 

a clcamng step using pure water effected between the above i,i<~ i . „i ,j„ „ • j- « ,. 

„,L{_k ™ . ,. , . riii. 1 is a schematic construction diagram ot a silicon 
steps which arc required in the conventional case can he ...u..,„.« ,.„? „ . . . ... . . 

omitted and the clearing process can be effected in , single l"?T* ^^l* WtUCh mV6Wl ° Q 

step in ibis invention and the processing step can be made !L£d ^n.MlES *" V T *°T? fl ? '° f "" e 
simple and short embodiment of this invention, and a silicon substrate surface 

Tne third object can be attained by a silicon substrate *° S" 8 me,hod aDd Surfaoc usio 8 the 

surface processing device comprising a processing b3th for ttt^ -i • ^ ■» . *j «_ 

accommodating a silicon substratcVHF supplying means for ™ G * 2 15 a fl <? wchart ^ 'Uuslratmg the silicon substrate 
supplying an HF water solution with a cWotraiion of T*™ P^ , "f If mc 1 thod ^ »he .surface processing 
0.01% to 1% into the processing bath; ozone water supply- 25 T WC " l ' 

ing means Tor supplying ozone water with a concentration of FIG " 3 15 a "^'^ fur illustrating the relation between 
0.1 ppm to 20 ppm into the processing bath; pure water the HF eventration in a mixture of HF water solution and 
supplying means for supplying pure water into the process- 07 -? nc wa,cr and ^ etching rales for silicon and silicon 
ing bath; and control means for controlling the HF supplying 0Xlde fi,m; amJ 

means, opsone water supplying means and pure water sup- 30 f k a schematic view of a cleaning apparatus for 

plying means to effect the surface processing, controlling the performing the above-described sheet-fed type cleaning, 
HF supplying means and ozone water supplying means to useful in explaining a method for treating the surface of a 
create a mixture containing an HF water solution and ozone silicon substrate according to another embodiment of the 
water in the processing bath and process the surface of the invention, 

silicon substrate, (hen controlling the ozone water supplying 35 DETAILED DESCRIPTION OF THE 

means to replace the mixture in the processing bath by ozone PREFERRED EMBODIMENlS 

water, and controlling the pure water supplying means to 

replace the ozone water in the processing bath by pure water. 1 is a .schematic construction diagram of a silicon 

According to the above surface processing device, the autotate surface processing device to which this invention 
surface of the silicon substrate after the processing can he 40 k ^P^ed, for illustrating an otchant, and a silicon substrate 
made flat in comparison with a case wherein a processing suf**** 5 processing method and surface processing device 
device using an SC-1 solution is used and a lowering in the using the etchant. 

reliability of a gate oxide film formed in the later step can be a Processing bath 11 having a silicon wafer 12 set 

suppressed to enhance the reliability of the silicon element, therein, an HF supply line 13 for supplying an HF water 
Further, by using the above processing device, con lamina- 45 sphition into the processing bath U, an ozone water supply 
tion by metal impurity can be prevented and heavy metal lj nc * 4 f° r supplying ozone water, and a pure water supply 
such as Cu and the like which cannot be removed only by ^ c * 5 for supplying pure water are connected. An HF valve 
use of the HF water solution can be removed, thereby ^> ozone water valve 20 and pure water valve 21 are 
attaining a significant cleaning effect. Further, since the respectively inserted in the supply lines 13, 14 and 15, The 
process can be effected at room temperatures, there occurs 50 open/closed position of each of the valves 19, 20, 21 is 
no possibility that the clean room is contaminated, and since controlled by a computer 17 so that necessary amounts or 
the ozone water after the cleaning process can be easily respective liquids can be selectively supplied into the pro- 
decomposed by UV application or the like, waste disposal ccssing bath 11, The respective liquids overflowing the 
can he easily effected and environment pollution can be processing bath U are drained via a drainage line 18, 
suppressed Further, since the etching rate for si! icon and the 55 Further, in the processing bath 11, an ultrasonic dia- 
etching rate for the silicon oxide film are controlled by the phragm 16 for subjecting the liquids to ultrasonic vibration 
control means so as to be substantially equal to each other, pmvided, and the computer 17 controls the ultrasonic 
the silicon substrate surface and the surface of a silicon wave radiation timing as well as the supply of respective 
oxide film formed on the surface of the .silicon substrate can liquids. 

be simultaneously cleaned, and steps of processing the 60 The ozone water is created by dissolving ozone gas in 
silicon substrate surface and the surface of the silicon oxide pure water via a membrane film. 

film and a cleaning step using pure water effected between Next, the silicon substrate surface processing method by 
the above steps which arc required in the conventional case the above surface processing device is explained with rcf- 
can be omitted and the cleaning process can be effected in crence to the flowchart shown in FIG. 2 by taking the 
asinglesu^inlhismvcntiona « process of cleaning a silicon substrate (silicon wafer 12) 

made simple and short, and the control process can be having a silicon oxide film formed on part of the surface 
simplified. thereof as an example. 



PAGE 24/26 1 RCVD AT 7/27/2004 2:16:46 PMJEa&m Daylight Time] » SVR;USPT0-EFXRF-1/1 1 DNIS:8729306 ■ CSIO:7035254265 * DURATION (mm-ss):0W>8 



7-27-04; 2:'13PM; ;7035254265 # 25/ 26 



5,868,855 

S 6 

/c^« r A h *? ilic011 Wafcr 12 * " cl ia ihQ P roocssir, S 11 >ype cleaning process is explained, but the same effect can 

(STEP 1), the valve 19 of the HP supply line 13 and the be attained when this invention is applied to the sheet-fed 

valve 20 of the ozone water supply lino 20 arc opened by the type cleaning process. 

control of the computer 17. As a result, the HF water According to the experiments by the inventor of this 

solution and ozone water arc supplied into the processing 5 application and others, a sufficiently high cleaning effect can 

bath 11 to make a mixture. At this time* for example, tbo be attained if the Hi' concentration of the mixture is in the 

ozone water with a concentration of 2 ppm 1$ supplied into range of 0.01% to 1% and the concentration of the ozone 

the processing bath 11 at a flow rale of approx. 20 litter/ water k m t ran g« of 0.1 ppm to 30 ppm. Further, the 

minute and the HF water solution with a concentration of above liquids can be used in step other than the cleaning 
approx- 40% is Supplied into the processing bath at a flow jo stc P b y ^"siing tnc concentration thereof. Further, since 

rate of 100 cc/minutc (STEP 2). ^ ozone concentration becomes higher when the lempcra- 

When the processing bath 11 is filled with the mixture of ^1^^^^^ ST ^^S^ whe " l J* 

EKETi ozoac -r* * 20 r sss Xisstisft » p-* to - *• 

closed and the state is maintained for three minutes rrrr a « - « 1 * 

(cleanmgtJme)(SIEP3).Thetemperatu rc ofthemixture^ 15 ^gS^^ a cleaning «^paratus for 

kept at a room temperature, that is rtcmpcrarure, of 23* and 8 ?^ c ^ C£ f ll *£ sheet-fed type cleaning, 

250 Q t ^ ^ ' VA ^ ^ useful uj explaining a method for treating the surface of a 

* . . . , silicon substrate according to another embodiment of the 

After thLS the ozone water valve 20 is opened and tbe invention. The silicon substrate (silicon water) 12 is placed 

m.xlurc of HF water solution and ozone water in the on a rotary table 22. A nozzle 23 is provided above the rotary 
processing bath 11 » . replaced by ozone water. Ozone water 20 , ao le 22. Before cleaning, IIF water solution is miaed with 

is continuously supplied to overflow for approx. 10 minutes ozone water to create a cleaning mixrure with an HF 

so as to fill the processing bath 11 with ozone water (STEP concentration of 0.01% lo 1%, an ozone water concentration 

* . of 0.1 ppm to 20 ppm, and a temperature of 10° to 30* C 

Next, the ozone water valve 20 is closed and the pure Thereafter, while the notary table is rotated, the mixture is 

water valve 21 is opened to supply pure water into the applied from the nu/idc 23 to the to-be-clcancd surface or 

processing bath 11 so as to replace the ozone water by the the silicon substrate 12 (on which a silicon oxide film is 

pure water (STEP $). partially formed). At this time, the nozzle 23 is moved in the 

'llten, the silicon wafer 12 is taken out and dried (STEP radial direction of the silicon substrate 12, as is indicated by 
6), and thus the cleaning process is completed, M arrow A. as a result, the silicon substrate 12 and the silicon 

FIG, 3 shows the etching rates ibr a silicon film and oxide * ilin . formed thereon are etched at substantially the 

silicon oxide film (thermal oxidation film) in an etchant &amc ctCa ^ n g rate, thereby performing etching, 

according to this invention. When the concentration of the As described above, according 10 this invention, an 

ozone water before mixing is approx. 2 ppin, the etching etchant and a silicon substrate surface processing method 
rates for the silicon libn and thermal oxidation film can be 35 and surface processing device which can make the surface of 

adjured according to the IIF concentration. Therefore, a processed silicon substrate flat, effect the particle removing 

unlike the case of SC-1 solution, the etching amounts of the process at the same rate for the silicon substrate surface and 

silicon film and thermal oxidation film can be made sub- &r luc silicon oxide film surface without causing conlami- 

stantially equal lo each other by setting the HF concentration nation by metal impurity contained therein against its 
to 0.2%, for example. Further, the surface roughness of the Al3 purpose, and permitting the process to be effected at the . 

silicon film at this time is approx. 0.081 nm and is approxi- f ° t,m temperature can be obtained. 

raatcly equal to the surface roughness of 0.O91 nm which is Additional advantages and modifications will readily 

obtained by the process using an HF water solutioo, and the Occur to those skilled in the art. Therefore, the invention in 

extremely flat surface in comparison with the surface rough* its broader aspects is not limited to the specific details, 

ncss of 0.3 nm which is obtained by the cleaning process 45 representative devices, and illustrated examples shown and 

using an SC-1 solution can be obtained. Further, tbe mixture described herein. Accordingly, various modifications may be 

of HF water solution and ozone water can not only prevent made without departing from the spirit or .scope of the 

attachment of metal impurity contained in the mixture, but general inventive concept as defined by the appended claims 

also remove heavy metal such as Cu which cannot be and their equivalents, 

removed only by use of HF water solution. Since the process $0 What is claimed is: 

can be effected at the room temperature and the ozone water 1. A silicon substrate surface processing method compris- 

afler the cleaning process can be easily deconiposed by UV ing the steps of: 

application or the like, waste disposal can be easily effected setting a silicon substrate having a silicon oxide film 

and environment pollution can be suppressed. The particle formed on part of the surface thereof into a processing 

removing effect can be enhanced by applying ultrasonic $j bath; 3 

waves to the ozone water or pure water in the processing supplying an IIF water solution and ozone walcr into the 

bath 11 by drmng the ultrasonic diaphragm 16 under the processing bath to create a mixture containing IIF with 

control of the computer 17 while the ozone water or pure * concentration of 0.01.% to 1% and ozone water with 

water is overflowing in the process of STEP 4 or STEP 5. a concentration of 0.1 ppm to 20 ppm and kept at « 

In the above explanation, a case wherein the mixture of so lempcraturc of 10° to 30* C; and 

HF water solution and ozone water is used is explained as an simultaneously etching the silicon substrate and silicon 

example, but buffered hydrofluoric acid, for example, a oxide film at substantially the same etching rate with 

water solution containing hydrofluoric acid and ammonium the mixture contained in the processing batb. 

acid fluoride may be used instead of the HF water solution. 2. A surface processing method according to claim 1, 

In this case, ammonium acid fluoride is contained in the 6* wherein said step of simultaneously etching the silicon 

mixture, but the same elTecl can be attained even if a small substrate and silicon oxide film at substantially the same 

amount of foreign matter is contained. Further, the batch etching rate is a cleaning step. 
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3. A silicon substrate surface processing method compris- 
ing the steps or: 

setting a silicon substrate into a processing bath; 
supplying ut least an 11F water solution and ozone water 

into the processing bath to create a mixture containing 

HF with a concentration of 0.01% to 1% and ozone 

water with a concentration of 0,1 ppm to 20 ppm and 

kepi at a temperature of 10° to 30° C. and processing 

the surface of the silicons substrate by use of the 

mixture; 

supplying ozone water into the processing bath to replace 
the mixture by the ozone water; 

supplying pure water into the processing bath to replace 
the ozone water by the pure water; and 

taking out tlie silicon substrate from the processing bath 
and drying the same. 

4. A surface processing method according to claim 3, 
wherein said step of processing the surface or the silicon 

substrate by use of the mixture is a step of cleaning the 20 etching (he siU»n^^ ^ra at 

surface of the sdicon substrate. substantially the same etching rate is a cleaning step. 

5. A surface processing method according to claim 3, 10. The method according to claim S, wherein the step of 
wherein the silicon substrate has a silicon oxide film formed etching the silicon substrate and the silicon o*ide film 
on of the surface mereoU^ formed therwn at sui^faUy the same etching rate is 
surface of the silicon substrate by use of the inixture is a step 25 performed, while the silicon substrate is placed on a rotary 
of simultaneously cleaning the surface of the silicon sub- table and rotated together with the rctfrv lahl* »*,\ t\l 
xtrato and the surface of the silicon oxide film. 

6. A surface processing method according to claim 3, 
wherein said step of supplying ozone water into the pro- 



is 



cessing bath to replace the mixture by the oaone water is 
elleclcd while ultrasonic vibration is applied thereto. 

7. A surface processing method according to claim 3, 
wherein said step of supplying pure water into the process- 
ing bath to replace the ozone water by the pure water is 
effected while ultrasonic vibration is applied thereto. 

8. A method for treating the surface of a silicon substrate, 
comprising: 

the, step of mixing HF water solution with ozone water 
thereby to create a mixture with an HF concentration of 
0.O1 % to 1%, an ozone water cojrcemra lion of 0.1 ppm 
to 20 ppm, and a temperature of 10° to 30° C; and 
the step of applying the mixture from a nozzle to the 
surface of a silicon substrate on winch a silicon oxide 
film is partially formed, thereby to etch the silicon 
substrate and the silicon oxide fllm formed thereon at 
substantially the same etching rate. 

9. The method according to claim 8, wherein the step of 



rotated together with the rotary table, and the 
novsde is moved in a radial direction of the silicon substrate. 
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